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Abstract 

We investigated avian influenza infections in wild birds, poultry, and humans at Eastern Dongting Lake, China. We analyzed 
6,621 environmental samples, including fresh fecal and water samples, from wild birds and domestic ducks that were 
collected from the Eastern Dongting Lake area from November 201 1 to April 2012. We also conducted two cross-sectional 
serological studies in November 2011 and April 2012, with 1,050 serum samples collected from people exposed to wild 
birds and/or domestic ducks. Environmental samples were tested for the presence of avian influenza virus (AIV) using 
quantitative PCR assays and virus isolation techniques. Hemagglutination inhibition assays were used to detect antibodies 
against AIV H5N1, and microneutralization assays were used to confirm these results. Among the environmental samples 
from wild birds and domestic ducks, AIV prevalence was 5.19 and 5.32%, respectively. We isolated 39 and 5 AIVs from the 
fecal samples of wild birds and domestic ducks, respectively. Our analysis indicated 12 subtypes of AIV were present, 
suggesting that wild birds in the Eastern Dongting Lake area carried a diverse array of AIVs with low pathogenicity. We were 
unable to detect any antibodies against AIV H5N1 in humans, suggesting that human infection with H5N1 was rare in this 
region. 
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Introduction 

Human cases of highly pathogenic avian influenza (HPAI) 
H5N1 virus infection since the end of 2003 have been reported in 
15 Eurasian countries. As of January 2014, there were 650 
confirmed human cases of avian influenza A H5N1 infection 
reported, with a mortality rate exceeding 59% [1]. In China, 45 
confirmed HPAI H5N1 cases were reported across 17 provinces 
and in Hong Kong, of which 30 died. The majority of cases were 
detected in winter and spring and most cases had a history of 
direct or indirect exposure to sick and/ or dead birds [2] . Previous 
studies have shown that migratory birds play an important role in 
the geographical dissemination of avian influenza virus (AIV) 
H5N1 [3]. Migratory birds have also been considered to be the 
natural hosts of AIV. No clear conclusions have been made 
regarding the mode of transmission among wild birds, poultry, and 
humans [4]. 

We selected the Eastern Dongting Lake area in Hunan Province 
as our study site because seven confirmed human cases of AIV 
H5N1 have been reported in this area. Dongting Lake is located in 
the northeastern part of Hunan Province, and is centrally located 
along the Yangtze River. It is the second largest fresh water lake 



and the DongTing Lake wetland is one of the largest lacustrine 
wedand eco-system in China [5]. The Eastern Dongting Lake area 
is the largest, accounting for half of the Dongting Lake. Dongting 
Lake is also a major stopover destination and overwintering area 
for birds along the East Asia-Australia migratory flyway, especially 
Eastern Dongting Lake as a typical subtropical inland wetlands. 
During winter, more than 10 million birds of nearly 300 species 
congregate in Eastern Dongting Lake [6] . The human population 
around Dongting Lake is 15 million, accounting for 23.8% of the 
total population in Hunan Province [7]. More than 90% of local 
residents depend on Dongting Lake and its wetiands [8]. Duck 
farming is prevalent in the lake area, with more than 80 million 
birds raised in this area in 2007 [9]. 

In this study, we sought to determine the prevalence of AIV s in 
wild birds and domestic ducks, and evaluate the risk of human 
infection with H5N1 among people exposed to wild birds and/or 
domestic ducks in the Eastern Dongting Lake area. 
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Materials and Methods 

Ethics Approval 

Our study was conducted following approval by the Chinese 
Center for Disease Control and Prevention Ethical Review 
Committee (201118). All participants provided signed informed 
consent forms. 



Environmental Sample Collection 

Wild bird sample collection sites were designated by the 
Forestry Administration and Hunan East Dongting Lake Nature 
Reserve. Fresh fecal samples from wild birds and water samples 
were collected every month from November 201 1 to April 2012. 
We collected one to four fresh fecal samples at each sampling point 
in the flood plain. Water samples were collected from locations 
where a clear footprint attributable to a waterfowl was seen. There 
was at least 10 m between two sampling points. 

We collected fresh fecal and water samples from duck farms 
surrounding the Eastern Dongting lake area. These farms were 
within about a 5 km straight-line distance to the lake area. 
Inclusion criteria for duck farms included: ducks were being raised 
during our field survey; and there was a possible shared water 
source between domestic ducks and wild birds. We referred to 
fecal and water samples collectively as environmental samples. 
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Serum Sample Collection 

Two cross-sectional serological surveys were conducted in 
November 2011 and April 2012. Staff of the Eastern Dongting 
Lake Wetland Nature Reserve, local staff on duck farms, and 
individual duck breeders residing along the Eastern Dongting Lake 
were enrolled. Venous blood was collected by registered nurses. 
Inclusion criteria of participants were: they were local residents or 
individuals that had been in the area longer than 2 weeks; they 
signed the informed consent form; they were aged 18 years or 
older; and they had been exposed to wild birds and/or domestic 
ducks. 
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Sample Storage and Transportation 

Fecal samples were placed in tubes containing Ml 99 solution 
[0.5% (w/v) bovine serum albumin (BSA), 2x106 U/L penicillin, 
200 mg/L streptomycin, 2x106 U/L polymyxin B, 250 mg/L 
gentamycin, 60 mg/L levofloxacin hydrochloride, and 5x105 U/ 
L nystatin] [32]. Water samples were placed in empty tubes. 
Serum and environmental samples were transported to the 
influenza surveillance laboratory of the local center for disease 
control (CDC) at 4°C within 24 h of collection. Serum and 
environmental samples were stored at —20 and — 70°C, respec- 
tively. Samples were transported in accordance with national 
biosafety regulations; all samples were tested by the Chinese 
National Influenza Center. 

Nucleic Acid Testing, Virus Isolation, and Subtype 
Identification 

Total RNA was extracted and purified from sample aliquots 
(200 (XL) using a QJAamp One-For-All Nucleic Acid Kit (Qiagen, 
Germany) and the BioRobot Universal System (Qiagen), following 
the manufacturer's protocol. The RNA of AIVs was detected using 
quantitative polymerase chain reaction (qPCR) assays (AgPath, 
Foster City, CA, USA) targeting the Matrix gene. Samples that 
were positive were inoculated in the allantoic cavity of 9-day-old 
embryonated chicken eggs (ECEs). The ECEs were incubated at 
35°C for 48 h, then chilled at 4°C overnight. Allantoic fluid was 
harvested and hemagglutination assays were performed with 1 % 
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Figure 1. Sample collection sites around the Eastern Dongting Lake area. (A) Hunan Province. Dongting Lake is located to the north of 
Hunan Province (black circle). (B) Dongting Lake. The black circles indicate sample collection areas. Junshan district (green). Yueyang county (yellow) 
surrounding the Eastern Dongting Lake area. Villages where environmental samples from duck farms are shown in red. 
doi:1 0.1 371 /journal.pone.0095685.g001 



turkey red blood cells to confirm the presence of viruses. Viral 
RNA was extracted using an RNeasy Mini Kit (Qiagen) following 
the manufacturer's instructions. RNA was reverse transcribed into 
cDNA with a SuperRT cDNA Kit (CWBIO, Beijing, China) using 
the Unil2 primer (5'-AGC AAA AGC AGG-3'). Identification of 
isolate subtypes was performed by PCR using 16 sets of primers 
specific for hemagglutinin (HA; HI -HI 6) and nine sets specific for 
neuraminidase (NA; N1-N9) that were designed by the Chinese 
National Influenza Center. 

Sequencing Analysis 

Extracted viral RNA was reverse transcribed into cDNA using 
SuperRT cDNA Kit (CWBIO) and the aforementioned Unil2 
primer. Reactions were incubated at 25°C for 10 min and then 
42°C for 80 min. A 2 xEs Taq MasterMix Kit (CWBIO) was used 
to amplify virus genes with the aid of eight gene segment-specific 
primers. Amplified products were purified using a QIAquick PCR 
purification kit (Qiagen). Sequencing reactions were carried out 
with a BigDye Terminator v3. 1 Cycle sequencing kit (AB, Foster 
City, CA, USA) on an ABI PRISM 3700x1 DNA sequencer 
following the manufacturer's instructions. 



Phylogenetic Analysis 

Lasergene 8. 1 software (DNASTAR) was used to assemble gene 
sequences and Mafft 6 was used for the comparison of sequences. 
The neighbor joining (NJ) algorithm with a bootstrap value of 
1,000 was used within MEGA 4.0 software. Phylogenetic trees 
were created for eight genes of AIV H5N 1 . All gene sequences for 
comparison were acquired from the GenBank influenza database. 

Serological Screening Assays 

We conducted hemagglutination-inhibition (HI) assays using 
horse red blood cells for preliminary screening of HPAI H5N 1 - 
specific antibodies. Microneutralization (MN) assays were used to 
confirm results when an HI titer of 20 or greater was obtained 
[31]. We used two H5N1 viruses [A/Anhui/ 1/2005 (H5N1) virus 
(clade 2.3.4) and A/ domestic duck/Yueyang/C08 16/20 12 
(H5N1) virus (clade 2.3.2.1)] as antigens in this study for HI and 
MN assays. 

Statistical Analysis 

We initially entered our data into a customized database 
(Epidata3.0) and then transferred it to SPSS (SPSS Inc., Chicago, 
IL, USA) for statistical analysis. Differences between proportions 
were analyzed using the %2 test. A P-value less than 0.05 was 
considered significant. 
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Figure 2. Time distribution of AIV prevalence in wild birds and domestic ducks. 
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Results 

Detection of AIVs 

We collected 6,621 environmental samples from November 

201 1 to April 2012, of which 5,419 were from wild birds and 1,202 
from domestic ducks (Table 1 and Figure 1). We detected AIVs in 
5.19 and 5.32% of samples from wild birds and domestic ducks, 
respectively (%2 = 0.0384, P = 0.84). We observed two peaks for 
virus prevalence among wild birds, in December 201 1 and March 
2012. A peak in prevalence was seen for domestic ducks in March 

2012 (Figure 2). There was a greater proportion of AlV-positive 
fecal samples than water samples for wild birds (%2 = 30.4556, P< 
0.001), however this was not significantly different for ducks 
(%2 = 0.3841, P = 0.54). There was a higher proportion of AIV- 
positives among the water samples associated with ducks than 
those with wild birds (%2 = 15.9069, P<0.001); the same trend was 
not seen with fecal samples (%2 = 1 . 1 357, P = 0.29) (Table 2). The 
prevalence of AIV positives varied among the different wild bird 



species, with the greatest proportion seen in Anatidae birds 
(5.15%), followed by Charadriiformes (0.44%) and then members 
of the Ardeidae family (0.18%) (Table 3). 

Virus Isolation 

We isolated 39 AIV strains from fecal specimens of wild birds 
(Table 3), including 22 H9N2, 5 H1N5, 3 H5N2, 2 H1N8, 2 
H6N1, 2 H6N2, 1 H1N2, 1 H7N7, and 1 H12N8; of these, 32 
strains were isolated from Anatidae birds, 2 from Ardeidae birds, 2 
from Charadriiformes, and 3 from unidentified species. We 
isolated five avian influenza virus strains from fecal samples of 
domestic ducks (Table 3), including 1 H5N1, 2 H4N2, and 2 
H3N6 strains. No viruses were isolated from water samples. There 
was no statistical differences in the proportion of virus strains 
isolated from wild birds and domestic ducks (0.72% and 0.42%, 
respectively). Among different species of wild birds, virus isolation 
rates differed among the Anatidae (0.73%), Charadriiformes 



Table 2. Prevalence of AIV in samples collected from wild birds and domestic ducks. 





Type of specimen 


wild birds(%) 


domestic ducks(%) 


P value 


feces 


6(262/4365) 


5.01(37/739) 


0.29 


water 


1.8(19/1054) 


5.83(27/463) 


<0.001 


Total 


5.1 9(281/541 9)« 


5.32(64/1 202)»» 


0.84 



*P<0.001 between fecal and water samples among wild birds. 

**P = 0.54 between fecal and water samples among domestic ducks. 

doi:1 0.1 371 /journal.pone.0095685.t002 
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Figure 3. Monthly distribution for AIV isolation. 'P' indicates virus isolated from the feces of domestic ducks. 'W indicates virus isolated from 

the feces of wild birds. 
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(0.05%), and the Ardeidae (0.05%). The number of AIVs was 
more in December and March. The trends in numbers of virus 
strains isolated were similar to those for the prevalence of AIV in 
samples. (Figure 3). 

Molecular Characterization of an HPAI H5N1 Virus 

The A/Duck/Yueyang/C08 16/20 12 (H5N1) strain was isolat- 
ed from the feces of a domestic duck. Phylogenetic analysis showed 
that all eight genes were most closely related to clade 2.3.2.1 
H5N1 viruses [A/Hubei/1/2010 (H5N1)-Iike] currently circulat- 
ing in China (Figure SI, Figure S2). The cleavage site of the HA 
protein for A/Duck/ Yueyang/C08 16/20 12 contained multiple 



basic amino acids (PQIERRRRKR J, GL). The HA receptor 
binding sites contained 226Q_ and 228G (H3 numbering), 
indicating preferential binding for oc-2,3 sialic acid. A 20-amino 
acid deletion (amino acids 49-68) was observed in the NA protein, 
and the virus was sensitive to NA inhibitors based on the sequence 
of the NA protein (275H). 

Serological Survey 

We collected 1,050 human serum samples from 515 men and 
535 women; approximately 82% of subjects were older than 40 
years. Of the subjects, 981 had been exposed to healthy poultry, 55 
to sick and/or dead poultry, 76 to healthy wild birds, and 22 to 



Table 3. Detection of AIVs in samples collected from wild birds and domestic ducks. 





Species 


FluA positive 
rate(%) 


Flu A positive 
standard rate(%) 


virus isolates 


Domestic ducks 


5.32(64/1 202) 




H5N1(1),H4N2(2),H3N6(2) 


Wild birds 


5.19(281/5419) 






Anatidae 


7.12(225/3160) 


5.15 


HI N2(1),H1 N5(5),H1 N8(2),H6N1 (1 ),H6N2(2), 
H7N7(1),H9N2(20) 


Charadriiformes 


21.11 (19/90) 


0.44 


H9N2(2) 


Ardeidae 


1 .73(8/463) 


0.18 


H5N2(2) 


Unknown 


1.53(10/652) 


0.23 


H12N8(1),H6N1(1),H5N2(1) 



doi:1 0.1 371 /journal.pone.0095685.t003 
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sick and/or dead wild birds. When we used A/ Anhui/ 1/2005 
(H5N1) as the detecting antigen, the H5N1 antibody titer in 106 
samples was greater than or equal to 20. When we used A/Duck/ 
Yueyang/C08 16/20 12 (H5N1) as the detecting antigen, the 
H5N1 antibody titer was greater than 10 in 76 samples with the 
highest titer being 80. The female participant (1:80) was a 63-year- 
old involved in the fishing industry who had lived on a boat in the 
lake area for 17 years (Table 4). However, none of these positive 
results were confirmed by MN assays. 

Discussion 

Waterfowl, especially Anseriformes and Charadriiformes spe- 
cies, are considered to be the natural reservoir of influenza A virus, 
while domesticated ducks are important intermediate hosts in the 
spread of AIVs [10]. The Dongting Lake wetland serves as a 
natural seasonal shelter for a large number of migratory birds over 
winter and spring, therefore it is a suitable area to study AIV 
transmission among humans, domesticated ducks, and wild birds. 

Several studies have shown that the prevalence of AIVs in wild 
birds is 2.6-3.6% in the wetiands serving as overwintering sites for 
wild birds [11—13]. Our findings show that AIV prevalence in 
environmental samples associated with wild birds was 5.19%. 
Prevalence peaked twice, in December and March, along with 
migration levels. The number of wild birds started to increase in 
November, peaking between December to February [14,15]. The 
December peak in AIV prevalence could be related to the arrival 
of wild birds to the Dongting Lake area over winter. The peak in 
March was likely related to the stopover of wild birds during their 
migration from the south to north [15]. Some bird species might 
be more vulnerable to AIV infection; further study in this 
geographical region is required. 

We found that AIV prevalence was similar between wild birds 
and domestic ducks, with a similar distribution. This is possibly 
because of wild birds and domestic ducks living in a common 
environment. In this study, only duck farms with water sources, 
such as a pond or a ditch, around the Eastern Dongting Lake were 
selected. High-density contact between wild birds and domestic 
ducks could contribute to the increased prevalence of AIV. 
However, there is no direct evidence for the transmission of AIVs 
from wild birds to ducks, or vice versa. 

Previous studies have shown that H5N1, H9N2, and H10N8 
AIVs have been isolated from wild birds in the Dongting Lake 
wetlands [16-19]. H1N5, H1N2, H1N8, H5N2, H6N1, H6N2, 
H7N7, H9N2, and H12N8 AIVs were isolated from wild birds in 
this study, indicating increased diversity of low pathogenicity AIVs 
circulating in wild birds. It is possible these birds are the reservoir 
host of AIVs in this area [20]. The rate of virus isolation from wild 
bird samples was 0.72%, similar to that for migratory duck 
samples (0.78%) as determined by Guan et al [21]. Viruses were 
mainly isolated from Anatidae and Charadriiformes birds with a 
higher prevalence of AIV, consistent with results reported by 
Alexander [22]. These findings highlight the importance of being 
more vigilant with regard to AIV surveillance in important 
migratory bird species. 

In our study, two H4N2, two H3N6, and one H5N1 strain were 
isolated from the feces of domestic ducks. All strains, except for 
H5N1, were considered AIVs with low pathogenicity. All eight 
genes of the HPAI H5N1 virus were similar to other clade 2.3.2.1 
viruses currently circulating in China, suggesting that the H5N1 
virus we isolated was not transmitted from wild birds. 



All the AIVs we isolated from wild birds and domestic ducks 
were from fecal samples. We were unable to isolate viruses from 
any of the water samples, possibly because AIVs were able to 
survive for longer periods in fecal samples [23,24]. We proposed 
that it is better to collect fecal specimens for AIV surveillance. Our 
data do not show that the H5N1 virus circulating in poultry was 
not from wild birds because of the limited numbers of samples we 
examined. However, we did show that the profiles of AIVs 
circulating in wild birds and ducks in that area were obviously 
different. 

Among people exposed to birds, the prevalence of H5N1 
antibodies is in the range of 0-14.6% [25,26]. We were unable to 
detect any H5N1 antibodies in human serum samples using an 
MN assay, indicating that the risk of HPAI infection was very low 
despite contact with wild birds and/or domestic ducks. The results 
from our study were consistent with those from other studies [27- 
30]. 

In conclusion, we showed that wild birds and ducks around the 
Eastern Dongting Lake area carried a diverse range of low 
pathogenicity AIVs. Several AIV subtypes were detected for the 
first time, and a HPAI H5N1 virus was detected in domestic ducks. 
Our findings highlight the importance of maintaining AIV 
surveillance, and early detection of reassortment between HPAI 
H5N1 viruses and low pathogenicity AIVs. 

Supporting Information 

Figure SI Phylogenetic trees based on the HA genes of 
the strain isolated from a domestic duck in Yueyang, 
Hunan Province, China. Phylogenetic trees were generated 
using the neighbor joining method. Reliability of the tree was 
assessed by bootstrap analysis with 1000 replicates. Values above 
branches indicate neighbor joining bootstrap values. Isolates from 
our current study are marked in red. 
(PNG) 

Figure S2 Phylogenetic trees based on the NA genes of 
the strain isolated from a domestic duck in Yueyang, 
Hunan Province, China. Phylogenetic trees were generated 
using the neighbor joining method. Reliability of the tree was 
assessed by bootstrap analysis with 1000 replicates. Values above 
branches indicate neighbor joining bootstrap values. Isolates from 
our current study are marked in red. 
(PNG) 

Acknowledgments 

The contents of this manuscript are solely the responsibility of the authors 
and do not necessarily represent the official view of the Center for Disease 
Control and Prevention. We thank the Hunan East Dongting Lake Nature 
Reserve, Hunan CDC, Yueyang CDC, Junshan District CDC, and 
Yueyang County CDC for their assistance in the field, sample collection, 
and transportation. Special thanks to Jeffrey McFarland and Ying Song 
from the US CDC for their technical support and assistance in the 
preparation of this manuscript. 

Author Contributions 

Conceived and designed the experiments: YS LC JS. Performed the 
experiments: YZ YL LD TC FL HY YC MY YY JS YS LG CX. Analyzed 
the data: JS. Contributed reagents/materials/analysis tools: YZ XX. 
Wrote the paper: JS YS. 



PLOS ONE | www.plosone.org 



7 



April 2014 | Volume 9 | Issue 4 | e95685 



Avian Influenza Infections in Eastern Dongting Lake 



References 

1. WHO. Cumulative number of confirmed human cases for avian influenza A 
(H5N1) reported to WHO, 2003-2013. Available: http://www.who.int/ 
inlluenza/human_animal_intcrface/H5Nl_cumulativc_table_arehives/ en/ 
index.html. Accessed: 29 Aug 2013. 

2. Zhou L, Xiang N, Peng Z, Liao Q, Feng L, et al. (2012) How to conduct the 
investigation of the source of infection of H5N1 cases. Chin Prev Med 13: 
11879-11882. 

3. Prosser DJ, Cm P, Takekawa JY, Tang M, Hou Y, et al. (2011) Wild Bird 
Migration across the Qinghai- Tibetan Plateau: A Transmission Route for 
Highly Pathogenic H5N1. PLoS One 6: cl7622. 

4. Beigel JH, Farrar J, Han AM, Hayden FG, Hyer R, et al. (2005) Avian influenza 
A (H5N1) infection in humans. N EnglJ Med 353: 1374-1385. 

5. Zhang D, Ding D, Dong M, Zhao Q, Liu Y (2002) A wetland ecological 
construction study on reclaiming a lake from an area in Dongting Lake Plain. 
World Regional Studies 11: 107-112. 

6. Xie J, Fu S, Wang G, Jiang Y (2006) Survey of Migratory Birds in East Dongting 
Lake for HPAI Emiological Studies. Hunan Journal of Animal Science & 
Veterinary Medicine 4: 26-28. 

7. Statistical Information of Hunan. Available: http://www.hntj.gov.cn/rkpc/ 
200207240097.htm. Accessed: 24 Jul 2002. 

8. Cao X, Lu Y, Liu Y (2010) Investigation on Peripheral Community Resident's 
Dependence and Attitude to Dongting Lake. Journal of Northwest Forestry 
University 25: 221-224. 

9. Hunan Province Rural Social and Economic Investigation Team (2008) Rural 
Statistical Yearbook of Hunan. 205 p. 

10. Globig A, Baumer A, Re villa-Fernandez S, Beer M, Wodak E, et al. (2009) 
Ducks as sentinels for avian influenza in wild birds. Emerging infectious diseases 
15: 1633. 

11. Fcreidouni SR, Werner O, Starick E, Beer M, Harder TC, et al. (2010) Avian 
influenza virus monitoring in wintering waterbirds in Iran, 2003—2007. Virol J 7: 
43. 

12. Montalvo-Corral M, Lopcz-Robles G, Hernandez J (2011) Avian influenza 
survey in migrating waterfowl in Sonora, Mexico. Transbound Emerg Dis 58: 
63-68. 

13. Perez-Ramirez E, Gerrikagoitia X, Barral M, Hofle U (2010) Detection of low 
pathogenic avian influenza viruses in wild birds in Castilla-La Mancha (south 
central Spain). Vet Microbiol 146: 200-208. 

14. Zhong F, Yan X, Li L, Jiang Y, Yao Y, et al. (2007) Community structure and 
diversity of birds on East Dongting Lake wetland of Hunan Province. Chinese 
Journal of Ecology 26: 1959-1968. 

15. Li L, Zhong F, Wang D (2007) Season Dynamic Pattern of Water Birds in East 
Dongting Lake Wetlands. Journal of Economic Animal 11: 224—226. 

16. LiJ, Cai H, Liu Qj Guo D (2008) Molecular and pathological characterization 
of" two H5N1 avian influenza viruses isolated from wild ducks. Virus Genes 37: 
88-95. 

17. Zhang H, Xu B, Chen Q, Chen Z (201 1) Characterization of H9N2 influenza 
viruses isolated from Dongting Lake wetland in 2007. Arch Virol 156: 95-105. 



18. Wang B, Chen Q, Chen Z (2012) Complete Genome Sequence of an H9N2 
Avian Influenza Virus Isolated from Egret in Lake Dongting Wetland. J Virol 
86: 11939. 

19. Zhang H, Xu B, Chen Q, Chen J, Chen Z (201 1) Characterization of an H10N8 
influenza virus isolated from Dongting lake wetland. Virol J 8: 42. 

20. Cui P, Hou Y, Xing Z, He Y, Li T, ct al. (2011) Bird migration and risk for 
H5N1 transmission into Qinghai Lake, China. Vector Borne Zoonotic Dis 11: 
567-576. 

21. Duan L, Zhu H, Wang J, Huang K, Cheung CL, et al. (2011) Influenza virus 
surveillance in migratory ducks and sentinel ducks at Poyang Lake, China. 
Influenza Other Respi Viruses 5 Suppl 1: 65—68. 

22. Alexander DJ (2000) A review of avian influenza in different bird species. Vet 
Microbiol 74: 3-13. 

23. Nazir J, Haumachcr R, Ike AC, Marsehang RE (2011) Persistence of avian 
influenza viruses in lake sediment, duck feces, and duck meat. Appl Environ 
Microbiol 77: 4981-4985. 

24. Shortndge KF, Zhou NN, Guan Y, Gao P, lto T, et al. (1998) Characterization 
of" avian H5N1 influenza viruses from poultry in Hong Kong. Virology 252: 
331-342. 

25. Lu E, Liu Y, Chen Y, Zhou Y, Jiang L, et al. (2007) Analysis on Avian Influenza 
Surveillance in Occupational Population in Guangzhou in 2006. Journal of 
Tropical medicine 7: 923-924. 

26. Yuan J, He F, Su L (20 1 1 ) Risk analysis of" avian influenza virus H5N 1 subtype 
infection in different occupation groups. China Tropical Medicine 5: 573—574. 

27. Vong S, Coghlan B, Mardy S, Holl D, Seng H, et al. (2006) Low frequency of 
poultry-to-human H5NI virus transmission, southern Cambodia, 2005. Emerg 
Infect Dis 12: 1542-1547. 

28. Gray GC, Ferguson DD, Lowther PE, Heil GL, Friary JA (2011) A national 
study of US bird banders for evidence of avian influenza virus infections. J Clin 
Virol 51: 132-135. 

29. Bridges CB, Lim W, Primmer JH, Sims L, Fukuda KJ, et al. (2002) Risk of 
Infuenza A(H5N1) infection among poultry workers, Hong Kong, 1997-1998. 
Journal of Infectious Diseases 185: 1005-1010. 

30. Santhia K, Ramy A, Jayaningsih P, Samaan G, Putra AA, et al. (2009) Avian 
influenza A H5N1 infections in Bali Province, Indonesia: a behavioral, 
virological and seroepidemiologieal study. Influenza Other Respir Viruses 3: 
81-89. 

31. WHO Global Influenza Surveillance Network (201 1) Manual for the laboratory 
diagnosis and virologival surveillance of influenza. Geneva: World Health 
Association, 2011. http:// whqlibdoc.who.int/ publications/20 1 1 / 
9789241548090_eng.pdf. 

32. WHO Department of Communicable Disease Surveillance and Response. 
WHO Manual on Animal Influenza diagnosis and virologival surveillance, 
http : / / www.who.int/ csr/ resources/ publications/ influenza / en/ 
whoedscsrncs20025rev.pdf. 



PLOS ONE | www.plosone.org 



8 



April 2014 | Volume 9 | Issue 4 | e95685 



